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Abstract. The limestone of Eocene age Laki Formation of Matyaro Jabal area, Lakhi Range Sindh-
Pakistan has been studied to see different sedimentary features and diagenetic overprinting. The most 
diagnostic diagenetic feature of the Laki Formation is the formation of strata bound dolostone over 
extensive area. The dolostone beds which are separated by non-dolomitic limestone have developed at 
three different stratigraphic levels whose thickness vary from few centimeters to about 5 meters. 
Interbedded non dolomitic limestone is characterized by highly fossiliferous to less fossiliferous white 
chalky limestone with significant secondary porosity. The dolostone beds make lower erosional contact 
with chalky limestone while upper contact is sharp as well as transitional. The dolostone beds are very 
hard to soft with well developed dissolution cavities and karstification horizons. As a result of dolostone 
formation, the primary sedimentary features of rock fabrics and bioclasts are poorly preserved. However, 
few bioclastic grains show partial preservation with enhanced dissolution and biomoldic porosity. 
Dolomitization and different porosity types such as; intragranular, vuggy, molidic, intercrystalline, 
fracture and fenestral have made the limestone of Laki Formation as potential hydrocarbon reservoir rock. 
The mechanism of stratabound dolostone formation within Laki Formation is due to the mixing of sea-
water and fresh water with optimum Mg:Ca ratio. The Mg rich sea-water circulated through highly porous 
and permeable strata which was responsible for stratabound dolostone formation in the Laki Formation. 
The extrinsic factors such as sea level fluctuations and tectonics also played a vital role for dissolution 
along with porosity and permeability enhancement followed by dolomitization. 
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Introduction 
The Laki Formation exposed in the southern Lakhi 
Range Sindh, Pakistan has been studied by a number 
of researchers (Farshori, 1972, Kazmi and Jan, 1997, 
Ahsan et. al, 2006, Brohi et. al, 2009). These studies 
are generally related to the stratigraphic setting, 
paleontological studies, economic minerals 
occurrences and petroleum potential etc. of the Laki 
Formation. However, Ahsan et. al (2006) described 
in detail the four members of Laki Formation as: 1) 
Sohnari Member. 2) Meting Limestone Member. 3) 
Meting Shale Member and 4) Laki Limestone 
Member. Stratabound dolostone within Laki 
Formation has been presented for the first time 
through present studies at the surrounding of 
Matyaro Jabal area. The study area covers part of 
toposheet number 35 O/16 and located at Long: 67º 
57' 00"– 67º 59' 00" and Lat: 25º 11' 00" to 25º 13' 
00"). Similar geometric distribution of dolostone 
stocks with considerable thickness is present in the 
geological record (Soussi and M’Rabet 1994, Nader 
et al. 2004). These dolostone bodies are interlayered 
with evaporates and shallow marine limestones. 
There are major difficulties in explaining the 
pervasive (thick and widespread) dolostone 
formation. However, hydrogeological parameters, 
time factor, chemical composition of fluids, 
hydraulic gradient, porosity and permeability of host 
rock are important parameters for dolomitization. In 
the absence of isotopic data of dolostone of Laki 
Formation and difficulties in presenting 
dolomitization model, a possible mechanism of 
dolostone formation is explained in this paper on the 
basis of field relationship and laboratory results. 
This paper invokes dolomitization by means of fluid 
circulation through sea-water and fresh water mixing 
zone at shallow karstic terrain (Buchbinder et al. 
1984). However, many dolostone bodies reported in 
a number of studies resulted by several rather than 
single mechanism of dolomitization. Moreover, the 
authors through this contribution would emphasize 
the significance of field observations with supported 




Indo-Pakistan sub-continent was separated from the 
Gondwana about 130 Ma ago and followed by 
extensive sea floor spreading and opening of the 
Indian Ocean (Johnson et al. 1976). The sub-
continent moved northward at the rate of 3-5 
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of geodynamic forces the Indo-Pakistan plate 
traveled 5000 km towards north and ultimately 
collided with Eurasia which resulted in the 
Himalayan orogeny (Kazmi and Jan, 1976). 
Pakistan comprises of two sedimentary basins, the 
Indus Basin and Baluchistan Basin. These basins 
are separated by a major fracture zone (axial belt), 
collectively occupy an area of about 8,28,000 sq. 
km (Shah, 2009). Lower Indus basin includes the 
Sukkur rift zone, Thar platform and Karachi 
trough, Kirthar fore deep, Kirthar fold belt and off 
shore Indus (Brohi et al., 2013). The north-south 
trending Kirthar Fold Belt has formed at the 
expanse of collision between Indian continents 
 
Fig. 1a) Map of Pakistan showing study area.  b) The geological map of Matyaro Jabal and surrounding areas, 
scale: 1:253,440. (Published by Govt of Canada, 1958). 
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with Eurasia (Powell, 1979; Bender and Raza, 
1995). Based on difference in tectonic style and 
stratigraphic architecture, this belt may be divided 
into a number of small structural units such as 
Jacobabad High, Kirthar Fault (KF), Ornach-Nal 
Fault (ONF), Bela Ophiolite Complex and Pab 
Fault.  Before the continent-continent collision of 
Indian and Eurasian Plates, Kirthar Fold Belt acted 
as passive margin until Late Eocene time. The 
major collisional phase started during Early Eocene 
period and completed by Pliocene to Early 
Pleistocene times (Waheed and Wells, 1990). In the 
Early-Late Cretaceous times the passive margin of 
Indian Plate was greatly affected by active normal 
faults and fragmentation into the sedimentary 
basins of different bathymetry (Scotese et al., 1988; 
Gnos et al., 1997) when Indian Plate collided with 
Eurasian Plate and ultimately rotated anticlockwise 
towards northwest. As part of passive margin of 
Indian Plate, Sindh Monocline fragmented into 
horsts and graben structures during the main 
Cretaceous rifting episodes which are responsible 
for the occurrence of vast oil and gas fields in this 
region (Memon et al. 2000). The Indian Plate while 
passing over the Reunion Hot Spot during Late 
Cretaceous time, the Indian Shield area to the east 
was thermally uplifted and huge amounts of sand-
rich sediments were supplied to the margin and 
deposited as the Pab Formation in a variety of 
tectonically controlled intra-slope basins. 
Pakistan has been broadly divided into different 
tectonic zones on the basis of tectonic features, 
geological structures, orogenic history (age and 
nature of deformation, magmatism and 
metamorphism) and lithofacies (Kazmi and Jan, 
1976). Accordingly, the south-southeastern Pakistan 
comprises Indus platform and foredeep covering an 
area of about 250, 000 km2 and host extensive coal/ 
mineral deposits, vast oil/ gas fields and ground 
water reservoirs. Sulaiman and Kirthar fold belts 
lie within this domain which is 1250 km long and 
75 to 280 km wide structurally complex zone. To 
the north and west, it has faulted contact with the 
thrust belt whereas south and eastward its folds are 
plunging within foredeep. This zone is comprised 
of about 10 km thick sedimentary sequence of 
Jurassic to Recent which form broad upright or 
asymmetric folds. 
Geology of the Study Area 
The study area lies in the southern part of Lakhi 
Range comprising the Tertiary and pre-Tertiary 
sequence. The pre-Tertiary sequence is represented 
by limestone dominated rocks with subordinate 
shales comprising of Laki and Kirthar formations. 
The Miocene and post Miocene section is mainly 
continental and composed of fluviatile clastic 
sediments overlain by Quaternary alluvium. The 
Cenozoic stratigraphy of the Lakhi Range is shown 
in Figure 2. However, only a brief description of    
Laki Formation is given here due to its significance 
in the context of present studies. 
The carbonate rocks of Eocene age Laki 
Formation are comprised of soft, chalky to nodular 
and compact, even bedded limestone with some 
marl, calcareous shale, clays and sandstone. 
Celestitie (SrSO4) has been reported to occur in 
Laki Formation in the southern Lakhi Range near 
Thano Bula Khan (Kazmi and Jan, 1997). In the 
Lower Indus Basin covering Sulaiman and Kirthar 
Provinces, it is interpreted that beginning with the 
Early Tertiary time to Early Middle Miocene the 
sediments are divisible into basal transgressive 
phase, middle regressive phase (culminating in 
terrestrial red beds) and final marine phase. In the 
parts of Kirthar Province the formation has been 
divided into following two members: 1) Sohnari 
Member 2) Chat Member. The Laki Formation is 
mainly developed in the soutrhern parts of Kirthar 
Province and in the vicinity of Mari-Bugti hills in 
the Sulaiman Province. It is about 240 m thick in 
the Bara Nai and the type locality (Mara Nai) 
(Shah, 2009).  
The formation contains rich fossil assemblages 
including foraminifers, gastropods, bivalves, 
echinoids algae. The foraminifera include Assilina 
granulose, A. pustulosa, Lockhartia hunti var. 
putulosa, Flosculinaglobosa, Opertorbitolites 
douvilleri, Fasciolites oblonga, Linderina brugesi 
and Dictyoconoides vredenburgi. Important 
mollusks are Gisortia murchisoni, Velates perversus, 
and Blagraveia sindensis. Among the echinoids 
Amblypygus subrotundus and Echinolampas 
numulitica are common. These fossils indicate an 
Early Eocene age (Shah, 1971). Farshori (1972) also 
extended its age as Lower Eocene and reported both 
pelagic and benthic foraminifera. 
Material and Methods 
Extensive field work was carried out and latitude-
longitude values of the studied area were taken by 
the direct readings by using the Global Position 
System (GPS). Sedimentalogical and structural 
features were observed. Several rock samples were 
collected systematically. Petrographic and X-ray 
Diffraction analyses were carried out according to 
standard operating procedures of Atomic Energy 
Minerals Centre, Lahore.  
Outcrop Description  
The limestone of Laki Formation at the surroundings 
of Matyaro Jabal area comprises a semi circular and 
dome shaped outcrop with gently dipping towards 
west. It is mainly composed of white, light pink to 
cream colored chalky limestone and pale yellow to 
dark yellowish brown interbedded dolomitic 
limestone/ dolostone (Fig. 3). Goethite has been 
observed at some places, which is confirmed by 
XRD analysis (Table 1, Fig. 6). The dolostone beds 
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developed at three stratigraphic levels in the area 
with conformable to discordant contact relationship 
with non-dolomitic chalky limestone. In the study 
area of Matyaro Jabal the thickness of limestone 
varies from 15 to 25 meters. At the lower most 
stratigraphic level it is comprised of light pink to 
cream colored, thick to medium bedded, micritic, 
less fossiliferous, very hard and fractured limestone. 
The weathering surface is dark gray to black with 
well developed karstification features and 
 
Fig. 2 The stratigraphic column of Neogene sequence of Kirthar Range, Sindh (Shah, 2009). 
 
40 
Int. j. econ. environ. geol. Vol:6(2) 36-52, 2015             Available online at www.econ-environ-geol.org 
conchoidal fractures developed locally on bedding 
surfaces. The prominent feature at this particular 
stratigraphic level is the development of mound 
shaped bodies with dimensions of 8-10 m along 
strike and 3-4 m thick while lower beds lined with 2-
3 cm thick iron crust and/or locally developed highly 
hematized limestone blocks and patches. This lower 
most part is faulted and may be unconformable 
delineated by the development of large paleokarsts, 
conglomerates and well cemented limestone breccias 
(Flugel, 2004). The upper contact of sub-rounded 
mound with massive chalk is transitional. The 
 
Fig. 3 Measured stratigraphic column of Laki Formation at the surrounding of Matyaro Jabal area showing 
stratabound dolostone and other limestone lithofacies. The black squares show location of samples taken and 
MJ-11/01their respective sample numbers. 
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chalky limestone is unfossiliferous to highly 
fossiliferous with well preserved gastropods, 
pelecypods and biotubations surfaces at certain 
stratigraphic levels. The primary sub-parallel to 
parallel fractures of few mm to cm wide are 
developed along the regional strike in NW-SE 
direction. However, some oblique and secondary 
fractures system may also be seen on some bedding 
planes. The primary fractures are filled up with 
micritic limestone while the secondary fractures 
show calcite filling.     
The dark yellowish brown dolomtic limestone/ 
dolostone is laterally extensive and traced for about 
2 to 2.5 kms and make laterally pinch and swell 
structure. The dolostone beds are developed at 
three different stratigraphic levels with inter-
bedded non-dolomitic limestone. The thickness of 
dolomitic limestone/ dolostone varies from few 
centimeters to about 5 meters and makes lower 
erosional contact with non-dolomitic chalky 
limestone (Figs, 4b and d). The dolostone beds at 
lower stratigraphic levels are generally very hard, 
 
Fig. 4a) Photograph showing stratabound dolostone at two stratigraphic levels with interbedded chalky 
limestone. Man encircled for scale. b) Photograph showing lower erosional contact of dolostone bed with 
massive chalky limestone. c) Photograph showing dissolution cavities developed along an erosional surface 
(arrows) in chalky limestone. Hammer encircled is for scale. d) Photograph showing sharp contact of hard, 
resistant and thick dolostone bed with massive chalky limestone. e) Photograph of gastropod preserved in 
chalky limestone. f) Photograph showing sharp contact of non-dolomitic chalky limestone and highly karstified 
dolostone of level-III. 
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resistant and well cemented (Fig. 4d) while 
comparatively that of dolostone of upper 
stratigraphic level (Level-III) is characteristically 
highly karstified and therefore, has high secondary 
porosity (Fig. 4f). If the dolomite rhombs are 
devoid of cement and poorly cemented then 
dolomite behaves as friable and therefore, easily 
susceptible to weathering and erosion which 
pertains high porosity. However, in the tight facies, 
dolomite rhombs are partly or completely cemented 
by calcite and behave as very hard and resistant 
rock. Similar type i.e hard and friable dolomites 
have been described from the Paris Basin, France 
(Thiry et al. 2003).  
Petrography 
Dolomitization 
The yellowish brown dolomitic limestone developed 
at three startaigraphic levels in the Laki Formation at 
the surroundings of Matyaro Jabal area is comprised 
of fine micritic limestone and coarse foraminiferal 
limestone facies. The petrographic studies reveal that 
these are basically composed of two types of 
dolomites based on crystal size, crystal boundary 
shape (planar or non-planar) and / or paragenetic 
relationship (Sibley and Gregg, 1987). They are fine 
crystalline dolomite (Type-I) or primary dolomite 
and coarse crystalline dolomite (Type-II) or 
secondary dolomite. The primary dolomite forms 
soon after deposition of CaCO3 sediments while 
secondary dolomite is formed by replacement of 
calcite by dolomite in limestone well after 
sedimentation occurred, after the carbonate 
sediment has been lithified. Type-I dolomite is 
characterized by thin bedded wackestone and 
mudstone microfacies assemblages. Volumetrically 
it makes 55% dolomite. However, dolomite 
crystals partially occluded primary sedimentary 
fabrics. Type-II dolomite is the most abundant type 
(70%) and characteristically comprises the thick 
bedded formaniferal grainstone facies with 
retention of skeletal fabrics and creation of 
intragranular porosity (Fig. 5). Dolomite crystals 
are mostly euhedral but rarely subhedral to 
anhedral crystals are also found. In general, crystals 
have a cloudy inclusion rich core and a clear 
inclusion free rim and display sharp extinction 
under cross nickel light (CNL). 
 Type-I dolomite texture (small crystal size and 
planar inter-crystalline boundries) is typical of 
dolomites formed under near surface low 
temperature conditions;  although such textures do 
occur occasionally in dolomites formed at elevated 
temperatures in early stage of diagenesis (Sibley 
and Gregg, 1987, Gregg and Shelton, 1990). The 
Type-II dolomite shows late stage dolomitization 
phenomenon with retention of precursor carbonates 
that has undergone stabilization of limestone before 
the onset of dolomitization which is supported by 
the presence of solid inclusions within dolomite 
rhombs (Fig. 5). 
Mechanism of Dolomitization  
Dolomitization, which refers to the replacement of 
calcite by dolomite, is commonly described by the 
equation as: 
2 CaCO3 (calcite) + Mg+2 ↔ CaMg (CO3)2 (dolomite) + Ca+2 
As indicated by this expression, dolomitization 
requires substantial mass transport of magnesium 
and may contribute to the formation of calcium-
rich, magnesium-depleted basinal brines (Hanor, 
1988). Magnesium rich calcite has been confirmed 
by XRD analysis (Table 2, Fig. 7). The rate and 
environment of dolomitization can also be quite 
difficult to infer from field observations, with the 
result that several models for dolomitization have 
been proposed. 
Models for dolomitization in carbonate platforms 
primarily focused around the mixing-zone, sabkha, 
brakish water, seepage reflux, and geothermal 
convection models (Hardie, 1987; Budd, 1997). 
Dolomitization also appears to be microbially-
mediated under some circumstances (Teal et. al 
2000), but microbial effects appear localized and are 
not widely viewed as a means for massive 
dolomitization.  
Dolomites formed in different diagenetic 
environments can be recognized by their petrography, 
spatial distribution, geochemical and isotopic signatures 
due to variations in fluid-driving mechanism, 
temperature and chemical composition of the 
dolomitizing fluids (Land, 1985; Machel and 
Mountjoy, 1986; Hardie, 1987). Therefore, only 
petrographic studies conducted for some samples of 
Laki Formation may not completely support in 
interpreting dolomitization mechanism. However, the 
petrographic results along with field observation may 
help to understand mechanism of dolomitization.     
As for as the dolomitization of Laki Formation 
is concerned, two separate hypothesis may be 
presented. As stated earlier, Type-I dolomite has 
small crystals with inter-crystalline planar boundries 
indicating that this type of dolomitization occurred at 
low temperature and relatively early stage of 
diagenesis. Thus any model to explain the formation 
of dolomite should indicate that this type of dolomite 
is of early diagenetic origin. The absence of any 
evaporate mineral (gypsum/anhydrite) in the Laki 
Formation reveal that sabkha type dolomitization 
model cannot be applied in our case. However, 
normal marine water of low temperature may be 
responsible for the dolomitization of mudstones-
wackstone at shallow burial depth during early stage 
of diagenesis. Such type of dolomitization 
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phenomenon has been reported from Late 
Cretaceous-Paleocene aged Agirllar Formation 
eastern Pondites NE Turkey (Kirmaci, 2008). As 
stated previously, Type-II dolomitization is related 
to late stage diagenesis. The deep burial of carbonate 
platform comprising Laki Formation may be linked 
 
Fig. 5a) Photomicrograph showing benthic foraminifera (Nummulites) with well developed intragranualr 
porosity. b) Photomicrograph showing microcrystalline dolomite crystals with ehhedral-subhedral crystal 
boundries and intragranular porosity with retention of gastropod ghost. c) Photomicrograph showing the two 
phases of dolomitization. An early phase of dolomitization is characterized by the development of small 
subhedral to anhedral dolomite crystals (below dashed line) and late stage dolomitization depicting the 
development of zoned euhedral dolomite crystals (above dashed line). d) Photomicrograph showing fracture 
porosity in dolostone. e) Photomicrograph showing dolostone with creation of intercrystalline porosity (black) 
and quartz grain (arrowed). f) Photomicrograph showing dedolomitization, poiklotopic zoned dolomite crystal 
(in centre) and inter-crystalline porosity (black areas). g) Photomicrograph showing moldic porosity in 
foraminiferal wackstone of chalky limestone. h) Photomicrograph showing Nummulites and intragranular 
porosity in chalky limestone.         
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up with onset of rapid subsidence, induced by 
extensional tectonics and formation of horst-graben 
structure. Petrographic studies based two such 
dolomitization phases as earlier and late have also 
been established from carbonate platforms of other 
sedimentary basins (Varol et.al. 2005 and Ikram 
2009a).     
Dissolution cavities within Laki Formation 
constrain their origin. Earlier dissolution of 
aragonitic skeletons took place in upper intertidal or 
supratidal environment which is followed by the 
precipitation of zoned dolomite crystals in those 
cavities. Under these circumstances the mediating 
fluids may have been fresh water or mixed fresh 
water and sea water in phreatic zone (Ward and 
Halley 1985, Jones and Luth 2003b). Ward and 
Halley (1985) described that limpid dolomite 
crystals resulted to precipitate from mixed fresh 
water and sea water with Mg: Ca ratio of 1:5 in the 
Yucatan Peninsula. This phenomenon may also be 
related to either eustatic sea level changes or tectonic 
uplifting of the area. Aragonite dissolution took 
place in lower to middle part of mixing zone. 
Porosity  
After dolomitization, the most diagnostic feature 
observed during petrography is various porosity 
types. These include: (1) biomoldic (2) dissolution 
vugs (3) reduced vugs/ pores (4) intercrystalline 
porosity and (5) rarely intracrystalline porosity. 
The biomoldic porosity type is very commonly 
found in the dolostone and non-dolomitized 
limestone facies. Commonly the organisms which 
are originally composed of aragonitic outer shells i.e. 
bivalves, gastropods and foraminifers underwent 
Table 1.  X-Ray Diffraction Analysis Showing XRD Data. 
 
No. Position [2θ°] 
FWHM 
[2 θ°] 




1 21.3204 0.2362 100.0 4.16759 Goethite 
2 29.5892 0.2362 60.68 3.01909 Not identified 
3 33.4456 0.3149 56.50 2.67927 Goethite 
4 34.762 0.3149 40.07 2.58077 Goethite 
5 36.7792 0.2362 86.16 2.44372 Goethite 
6 39.9905 0.4723 32.72 2.25458 Goethite 
7 41.2846 0.4723 35.80 2.18685 Goethite 
8 50.8313 0.4723 27.01 1.79629 Goethite 
9 53.3431 0.1574 66.97 1.71749 Goethite 
10 63.5964 0.4723 26.97 1.46308 Goethite 
11 68.6135 0.1574 30.71 1.36782 Goethite 
12 71.9239 0.4800 19.07 1.31171 Goethite 
 
Fig. 6  XRD pattern of sample No. 238/14, showing goethite. 
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dissolution. These biomlods are generally unfilled. 
However, some are partially occluded by fine to 
medium sparry calcitic cement. Few biomoldic 
cavities have retained the morphology of original 
bioclasts. 
As the result of subaerial exposure limestone 
of the Laki Formation undergone different episodes 
of karstification. Therefore, in vadose zone 
subsurface dissolution produced cavernous porosity 
of all sizes and dimensions. This resulted in 
dissolution of original depositional texture of 
sediments. 
Reduced porosity and vugs resulted due to 
diagenetic cements precipitation and/ or internal 
sediments which only partly filled the biomoldic 
pores and non fabric selective dissolution cavities 
and vugs. 
Intercrystalline porosity is commonly developed in 












1 23.156 0.0984 5.93 3.84121 Calcite, Magnesium 
2 29.5341 0.1378 100 3.02459 Calcite, Magnesium 
3 31.6023 0.1574 2.99 2.83121 Calcite, Magnesium 
4 36.1222 0.0984 7.35 2.48665 Calcite, Magnesium 
5 39.5776 0.1378 10.93 2.27715 Calcite, Magnesium 
6 43.3131 0.0787 10.9 2.08902 Calcite, Magnesium 
7 47.263 0.1181 2.98 1.92324 Calcite, Magnesium 
8 47.6731 0.0984 14.97 1.90765 Calcite, Magnesium 
9 48.6626 0.0787 13.74 1.87115 Calcite, Magnesium 
10 56.7633 0.2362 1.07 1.62186 Calcite, Magnesium 
11 57.5854 0.0984 4.03 1.60064 Calcite, Magnesium 
12 60.8482 0.1574 2.71 1.5224 Calcite, Magnesium 
13 61.6613 0.2362 1.13 1.50426 Calcite, Magnesium 
14 63.3026 0.3149 0.58 1.46916 Calcite, Magnesium 
15 64.86 0.1181 2.47 1.4376 Calcite, Magnesium 
16 65.8098 0.1968 3.17 1.41913 Calcite, Magnesium 
17 70.5013 0.2362 0.94 1.33575 Calcite, Magnesium 
18 73.1509 0.3149 1.14 1.29378 Calcite, Magnesium 
19 77.398 0.1181 1.83 1.23305 Calcite, Magnesium 
20 81.7854 0.3149 0.97 1.17764 Calcite, Magnesium 
21 83.9729 0.3936 1.16 1.15245 Calcite, Magnesium 
22 85.1605 0.4723 0.42 1.13939 Calcite, Magnesium 
 
 
Fig. 7  XRD pattern of sample No. 239/14, showing calcite, magnesium. 
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dolostone comprised of loosely packed dolomite 
crystal fabrics (Fig. 5f). The size and shape of these 
pores are dependent on the size and packing of 
dolomite crystals. Thus, large angular 
intercrystalline pores are found in euhedral larger 
dolomite crystals while small irregular shaped pores 
have developed in subhedral to anhedral dolomite 
crystals. Porosity in these dolostones is high up to 
35%. Composite dolomite crystals have developed 
during the later stage of dolomitization as the result 
of which small dolomite crystals are enveloped by 
larger zoned dolomite crystals and termed as 
poiklotopic crystals. Very rarely observed 
intracrystalline irregular shaped micro pores are 
present within some euhedral zoned dolomite 
crystals. These pores have been described as formed 
through preferential dissolution of calcite core 
bearing of dolomite crystals (Jones and Luth, 











1 24.0717 0.1574 2.40 3.69712 Dolomite
2 29.5293 0.1181 1.86 3.02507 Not identified
3 30.9118 0.1968 100.00 2.89286 Dolomite 
4 33.4544 0.2362 2.27 2.67858 Dolomite 
5 35.2696 0.2362 1.52 2.54478 Dolomite 
6 37.3679 0.1968 4.02 2.40656 Dolomite 
7 41.1026 0.1968 10.60 2.19612 Dolomite 
8 43.7512 0.2362 1.02 2.06911 Dolomite
9 44.9025 0.1968 5.44 2.0187 Dolomite 
10 49.1995 0.2362 1.12 1.85198 Dolomite 
11 50.4029 0.2755 5.64 1.81055 Dolomite 
12 50.9739 0.2755 6.20 1.7916 Dolomite 
13 58.8834 0.2362 0.69 1.56842 Dolomite 
14 59.7429 0.3149 1.83 1.54789 Dolomite
15 63.3549 0.3936 1.12 1.46807 Dolomite
16 64.3944 0.3149 0.90 1.44686 Dolomite 
17 66.0058 0.4723 0.39 1.41539 Dolomite 
18 67.3696 0.2362 1.84 1.39002 Dolomite 
19 70.3115 0.6298 0.43 1.33889 Dolomite 
20 72.8054 0.4723 0.26 1.29906 Dolomite 
21 74.5807 0.6298 0.32 1.27248 Dolomite
22 76.9014 0.4723 0.43 1.23977 Dolomite 
23 79.6452 0.4723 0.19 1.20381 Dolomite 
24 82.3794 0.6298 0.26 1.17065 Dolomite 




Fig. 8 XRD pattern of sample No. 75/15, showing dolomite. 
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2003b). Followed by dolomite cement precipitation 
as a result of sea level draw down as described by 
(Jones & Luth, 2003b) in case of Cayman 
Formation. 
XRD Analysis 
Samples were crushed by using Agate pestle mortar 
and converted into fine powder to get homogenized 
random samples. The powder of each sample then 
filled in standard sample holder. The XRD scan of 
every sample was obtained on following 
instrumental parameters. 
The X’Pert Pro MPD X-Ray Diffractometer 
was used to scan the samples with Cu (K-Alpha) 
radiation source at a tube voltage of 40Kv and a tube 
current of 30 mA. The angular goniometer scan 
speed was kept 0.04°/ sec. The X-Ray diffraction 
patterns of 2θ versus intensity for an angular range 
 











1 21.9479 0.2362 4.04983 0.62 
2 24.0163 0.1968 3.70552 1.81 Dolomite 
3 26.6774 0.1574 3.34163 0.78 Not identified 
4 29.4697 0.1574 3.03105 4.75 Not identified 
5 30.8467 0.1574 2.89882 100 Dolomite
6 33.3632 0.1574 2.6857 2.87 Dolomite
7 35.1555 0.1968 2.55278 2.13 Dolomite 
8 37.2997 0.1574 2.4108 2.91 Dolomite 
9 41.0275 0.1968 2.19996 8.9 Dolomite 
10 43.7586 0.2362 2.06878 0.75 Dolomite 
11 44.8373 0.1968 2.02149 4.51 Dolomite 
12 49.1423 0.1968 1.854 1.1 Dolomite
13 50.2907 0.2362 1.81433 5.71 Dolomite 
14 50.8896 0.1968 1.79437 6.57 Dolomite 
15 58.8063 0.2362 1.57029 0.82 Dolomite 
16 59.661 0.2362 1.54982 1.77 Dolomite 
17 63.3459 0.3149 1.46826 1.25 Dolomite 
18 64.2354 0.2362 1.45006 0.61 Dolomite
19 67.2107 0.1181 1.39292 1.54 Dolomite 
20 70.0141 0.3936 1.34385 0.53 Dolomite 
21 74.419 0.4723 1.27484 0.24 Dolomite 
22 76.7561 0.4723 1.24175 0.43 Dolomite 
23 82.1636 0.4723 1.17318 0.25 Dolomite 
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of 20°-80° 2θ were obtained for required mineral 
identification. The goethite, calcite magnesium, and 
dolomite are identified by using X’Pert Pro 
Highscore plus software compared with 
International centre for diffraction data (ICDD). 
Results and Discussion  
Dolomitization has been confirmed by petrographic 
and XRD analyses (Table 3 and 4, Figs. 8 and 9). 
Dolomitization of the Eocene age Laki Formation of 
Lower Indus Basin, Sindh may be linked with 
significant sea level fluctuations driven by eustasy 
and tectonics. The dolomitization caused by these 
factors have also been described from other of 
sedimentary basins e.g Jones and Luth (2003a). 
According to these authors the dolomitization of 
Tertiary strata of Cayman Island around Carribean 
Sea took place as the result of sea level fluctuations. 
During the prolonged sea level stillst and (lowstand 
and highstand) “dolomitization events” operate.  
During the stable sea level conditions dolomitization 
 
Fig. 10 A schematic diagram showing dynamic association of sea level fluctuations, karstification and dolomitization 
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of carbonates occur because huge quantities of sea 
water circulate through the strata for sufficient 
prolong period. Under these conditions huge amount 
of Mg pre- requisite for dolomitization is available 
to overcome kinetic barrier (Budd, 1977). However, 
this modal requires glaciations and major drop of sea 
level.  These factors need development of shallow 
water conditions, restricted lagoons and hypersaline 
conditions. However, hypersaline conditions directly 
could not be established in our case study due to the 
absence of any evaporate mineral e.g. gypsum, 
anhydrite etc. However, occurrence of restricted 
fauna very commonly such as gastropods, 
pelecypods and milliolids at certain stratigraphic 
levels support the prevailing of semi-restricted and 
lagoonal conditions during Eocene period. Exact 
timing of major changes in extrinsic factors as 
climatic and sea level fluctuations as well as large 
scale dolomitization conditions are not ascertained 
due to unavailability of dating methods for each. 
However, three major phases of dolomitization of 
Laki Formation can be described on the basis of 
occurrence of composite dolostone at three different 
stratigraphic levels. These three phases of dolostone 
formation may indirectly explain three episodes of 
sea level stillstand. The various signatures of local 
discordance, erosional surfaces and deep incision 
within carbonate platform are evident for such 
events. Karstification produced during lowstand was 
responsible for rigged and uneven topography which 
greatly enhanced dissolution of CaCO3 and 
ultimately increased the porosity and permeability of 
limestone of Laki Formation (Fig. 10). This 
lowstand phase is followed by sudden rise in sea 
level and initially semis restricted to lagoonal 
conditions were established in the inner platform. 
Similar lagoonal conditions have also been reported 
from the middle Miocene Horu Formation of 
Osmaniye-Bahce sub-basin of SE Turkey which 
prevailed during initial highstand sea level 
conditions (Ikram 2009). Jones and Luth (2003a) 
suggested that dolomitization of Cayman Formation 
took place when sea level was at lowstand position. 
Thus, the submerged limestone was dolomitized 
while the limestone exposed at above sea level 
underwent significant karstification and ultimately 
increased the porosity and permeability of carbonate 
rocks. The subsequent marine transgression 
progressively submerged the earlier exposed part of 
carbonate platform and allowing the circulation of 
sea water for dolomitization during the phase II and 
phase III alternatively. This dolomitization model 
may be extended and applied to strata bound 
dolostone beds at three distinct stratigraphic levels of 
Laki Formation which might have undergone three 
alternate dolomitization phases during three tectonic 
uplifting phases and/ or sea level draw down. The 
stratabound dolostone formation within Laki 
Formation may be correlated with the dolomitization 
events as described in case of Tertiary strata of 
Cayman Formation on Caribbean Island. The three 
alternative dolomitization phases may be described 
as: (1) initially dolomitization started during sea 
level lowstand (2) followed by a lowstand and 
previously deposited carbonates underwent 
karstification (3) the karstic development in 
limestone increased sufficiently porosity and 
permeability preconditions for  dolomitization and 
(4) during subsequent marine transgression Mg rich 
sea water circulated through highly porous and 
permeable limestone and resulted in massive 
dolostone formation. Dolomtization phenomenon 
has also been described to operate due to efficient 
hydrodynamic drive as explained in reflux model of 
dolomitization where differential density contrast As 
conclusion it may be described that Laki Formation 
in lower Indus Basin Sindh is exclusively chalky that 
underwent diagenetic dissolution, precipitation and 
stratabound dolomitization. The diagenetic features 
are discordant stratigraphically on larger scale as 
revealed by differential subsidence. The diagenetic 
transformation of chalky limestone into dolostone is 
attributed to Mg rich sea water circulation through 
highly karstic porous and permeable strata. This 
triggered the stratabound dolomitization of chalky 
limestone. These conclusions are drawn on the basis 
of field relationship and petrography of a small area. 
However, similar studies may be extended to other 
areas where Laki Formation gives thick outcrop 
exposures particularly Thano Bulla Khan and 
surrounding areas to establish reservoir rock 
characterization. 
Economic Significance 
Diagenetically stratabound dolostone formation in the 
Eocene Laki Formation is the most characteristic 
feature which makes it a potential hydrocarbon 
reservoir. Moreover, different intensities of diagenetic 
processes are also observed in different limestone 
lithofacies. These diagenetic overprinting includes 
different porosity types, burial compaction, 
stylolitization, fracturing, dissolutioning, karstification 
and cementation. The lower Indus basin of Pakistan is 
economically very significant for the occurrence of 
proven oil and gas carbonate reservoirs. However, no 
subsurface data is available in published form about 
the reservoir quality of Eocene Laki Formation. 
Therefore, through present studies the reservoir 
quality of Laki Formation is established from the 
outcrop data and laboratory results by considering 
porosity and other diagenetic features. The porosity in 
Laki Formation varies considerably from about 1 to 
35%. This porosity variation is strongly controlled by 
facies variation which was influenced by change in 
depositional environments, sea level fluctuations and 
diagenesis. The very good porous horizons are found 
in staratbound dolostone at three startaigraphic levels 
in Laki Formation. The thickness of each horizon 
varies from 1-5 meters and laterally extends for tens 
of kilometers. Therefore, on the basis of current 
studies the economic significance of Eocene Laki 
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Formation of lower Indus Basin of Pakistan may be 
well established and recommended for hydrocarbon 
exploration activities.  
Moreover, major celestite (SrSO4) deposits of 
Pakistan ocur in the southern part of Lower Indus 
basin. Celestitie occurs as veins in the fracture 
zones in the limestones of Laki and Ghazij 
formations (Eocene). It is being mined from 
southern Lakhi Range near Thano Bula Khan. 
 
Conclusions 
The field studies and laboratory results helped to 
distinguish and establish stratabound dolostone and 
non dolomite limestone strata within Laki Formation 
of Matyaro Jabal area of Laki Range Sindh. On the 
basis of these studies following conclusions may be 
drawn. The limestone of Laki Formation is of 
mainly white to off white and pink colored with dark 
yellowish brown stratabound dolostone formation at 
three distinct stratigraphic levels. The white to off 
white and pink colored limestone is non dolomitic 
and comprised of open marine to restricted marine 
fauna. Diagenetically formed karstification horizons 
within dolostone discrete beds as well as non 
dolomitic limestone may have caused by sea level 
draw down. During sea level low stand, the strata 
beneath sea level underwent dolomitization, while 
the exposed part above sea level severely karstified. 
The increased porosity and permeability resulted due 
to karstification favored for infiltration of Mg rich 
solution for dolomitization ceased. The high 
frequency sea level fluctuations were responsible for 
establishing diagenetic overprinting and reservoir 
characterization of limestone. 
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